Intrathecal antibody production manifest as oligoclonal bands (OCBs) is a hallmark of multiple sclerosis (MS). Once present, OCBs can be detected in CSF throughout the lifetime of MS patients. To determine the specificity of the OCBs, we applied CSF IgG obtained from 2 consecutive lumbar punctures of 5 MS patients to screen phage-displayed random peptide libraries, and selected identical and related peptides that reacted with the paired CSF IgGs from each patient. Highly sensitive phage-mediated immuno-PCR revealed that the phage peptides bound specifically to IgG in MS CSF collected over time. IEF immunoblots also showed that these peptides were recognized by OCBs in MS CSF. We further demonstrated that the peptides represented linear epitopes, indicating that they represent natural epitopes of corresponding protein antigens. A database search combined with alanine scan mutagenesis of peptides that bound to CSF IgG from 3 MS patients revealed that they are derived from proteins including serine/threonine-protein kinase, protein ZIP2 and MHC class II. Identification of epitopes that are recognized by IgG in MS CSF over time provides a critical tool to investigate the specificity of OCBs, which may determine the cause of disease, leading to strategies for diagnostic and therapeutic intervention.
Introduction
Multiple sclerosis (MS), the most common inflammatory demyelinating disease of the CNS, affects millions of individuals worldwide. The brain and CSF of more than 95% of MS patients contain increased amounts of IgG, manifested as oligoclonal bands (OCBs). OCBs are also found in chronic infectious diseases of the CNS such as neurosyphilis, tuberculous meningitis, cryptococcal and mumps meningitis, subacute sclerosing panencephalitis and progressive rubella panencephalitis. In each of those disorders, the oligoclonal IgG is directed against the agent that causes disease (reviewed in Gilden, 2005) . Although the specificity of the oligoclonal IgG in MS is unknown, the antibody (Ab) response is not directed against myelin basic protein, proteolipid protein or myelin oligodendrocyte protein (Owens et al., 2009) .
The presence of OCBs throughout the lifetime of MS patients (Hela-Felicitas and Reske, 2005) confirmed the earlier identification of persistent and clonally stable IgG in MS CSF (Walsh et al., 1986) . Because elevated CSF IgG levels are seen more frequently in MS patients with aggressive disease than in patients with a benign course (Stendahl-Brodin and Link, 1980) , and disease is less severe when OCBs are absent or present at only low levels (Avasarala et al., 2001; Joseph et al., 2009) , the intrathecally synthesized Ab response is likely to be relevant to the pathogenesis of disease. In fact, identification of the specificity of OCBs in MS may reveal the cause of disease.
Several studies to identify possible targets of the Ab response in MS CSF by panning phage-displayed random peptide libraries found that peptide antigens (Ags) in MS are specific to the individual Ab response and that the peptides did not specifically bind oligoclonal IgG in MS CSF (Cortese et al., 1996 (Cortese et al., , 1998 (Cortese et al., , 2001 Archelos et al., 1998) . Herein, we used phage-displayed random peptide libraries to identify peptide epitopes that were recognized by MS CSF IgG obtained longitudinally in 5 MS patients.
Materials and methods

Patients
With approval of the University of Colorado Institutional Review Board, CSF and sera from 5 MS and 2 non-MS CNS inflammatory disease control patients were collected at the University of Colorado Denver. CSFs were immediately centrifuged at 500 ×g for 10 min, and E-mail address: Xiaoli.Yu@ucdenver.edu (X. Yu). 1 Tiffany Pointon was supported by NIGMS-IMSD #R25GM083333.
